Abstract. The data set provided here includes 8,320 frugivory interactions (records of pairwise interactions between plant and frugivore species) reported for the Atlantic Forest. The data set includes interactions between 331 vertebrate species (232 birds, 90 mammals, 5 fishes, 1 amphibian, and 3 reptiles) and 788 plant species. We also present information on traits directly related to the frugivory process (endozoochory), such as the size of fruits and seeds and the body mass and gape size of frugivores. Data were extracted from 166 published and unpublished sources spanning from 1961 to 2016. While this is probably the most comprehensive data set available for a tropical ecosystem, it is arguably taxonomically and geographically biased. The plant families better represented are Melastomataceae, Myrtaceae, Moraceae, Urticaceae, and Solanaceae. Myrsine coriacea, Alchornea glandulosa, Cecropia pachystachya, and Trema micrantha are the plant species with the most animal dispersers (83, 76, 76, and 74 species, respectively). Among the animal taxa, the highest number of interactions is reported for birds (3,883) followed by mammals (1,315). The woolly spider monkey or muriqui, Brachyteles arachnoides, and Rufous-bellied Thrush, Turdus rufiventris, are the frugivores with the most diverse fruit diets (137 and 121 plants species, respectively). The most important general patterns that we note are that larger seeded plant species (>12 mm) are mainly eaten by terrestrial mammals (rodents, ungulates, primates, and carnivores) and that birds are the main consumers of fruits with a high concentration of lipids. Our data set is geographically biased, with most interactions recorded for the southeast Atlantic Forest.
INTRODUCTION
Seed dispersal by animals is a crucial ecological process that has shaped the co-evolution of animals and plants for at least 80 My (Eriksson 2014) . In tropical forests, plant-frugivore interactions are an ubiquitous component of biodiversity, where 70 to 94% of the woody plant species produce fleshy fruits that are both consumed and dispersed by animals (Howe and Smallwood 15 1982; Almeida-Neto et al. 2008; Jordano 2013) . Moreover, most animals in tropical regions depend on fruits as a food source in some extent during their lifetime span (Fleming et al. 1987; Kissling et al. 2009) , with intensive frugivory in many cases or during critical periods of their annual cycle (Wheelwright 1983) .
Habitat loss, fragmentation, defaunation, and climate change may lead to critical changes 20 in both frugivore and plant assemblages (Mokany et al. 2014; Morante-Filho et al. 2015; Neuschulz et al. 2016) . The decline in frugivore populations affects the ecosystem functionality because it leads to a decline in seed removal rates (Pizo 1997) , dispersal distances (Donatti et al. 2009 ), and survival probability (Rother et al. 2016) . Therefore it can induce rapid evolutionary changes in seed size , disrupt gene flow (Carvalho et al. 2016) , and ulti-25 mately, affect key ecosystem services such as carbon storage Peres et al. 2016) . These negative effects are becoming increasingly common in degraded tropical ecosystems (Arroyo-Rodríguez et al. 2015) . For example, the Atlantic Forest, which is a hotspot of biodiversity (Morellato and Haddad 2000; Joly et al. 2014) , has been highly threatened by forest fragmentation and overexploitation of its natural resources. Currently 80% of the Atlantic Forest 30 fragments have less than 50 ha, and almost half of these forest remnants are composed mainly by edged and are highly defaunated areas (Ribeiro et al. 2009; Jorge et al. 2013) . In this biome, frugivory plays an important role as up to 89% of the woody plants rely on animals to be dispersed (Almeida-Neto et al. 2008) . Thus, the widespread defaunation and consequent changes in seed dispersal will likely affect the functionality of several ecosystem services (Banks-Leite et al. 2014; Dirzo et al. 2014) .
The rapid frugivore decline creates an urgent need to understand the links that maintain seed dispersal processes and ecosystem services in the Atlantic Forest before further diversity is lost. To approach this need, we have created the ATLANTIC dataset. This dataset is a compilation of 8320 frugivory interactions reported for the Atlantic Forest of Brazil. It includes interac-40 tions among 331 vertebrate species and 788 plant species. The records are from plant-frugivore interactions where fruit consumption and handling may end up as actual consumption of the seed and posterior seed dispersal for the plant (endozoochory). In addition, we present some functional traits important to understand frugivore process, i.e. fruit and seed size, fruit color, frugivore's body mass and gape size (Levey 1987) .
reported in more than one study in different locations, so in total there are 5240 unique interactions. Here, we present only the occurrence of fruit consumption events, excluding pulp consumption and seed predation interactions (Galetti 1993; Pizo et al. 1995) . In addition, we do not record the strength of the interactions, so inferences about the frequency of an interaction or its 120 actual outcome (i.e., whether the interaction resulted in successful seed dispersal and establishment) should not be made.
The dataset is restricted to the Atlantic Forest domain (Joly et al. 2014 ) but is mostly concentrated in the southeast of the Atlantic Forest ( Figure 1 ). It includes 232 birds, 90 mammals, five fish, three reptiles and one amphibian interacting with 788 species of plants. The included 125 plants are predominantly trees (68.2% of the species) and shrubs (21.5%), but palms (4%), lianas (3.1%), and epiphytes, herbs and parasites (<3%) are also present. Animals are colored according to the main group they belong to: bats (green), birds (yellow), terrestrial mammals (primates, ungulates, rodents, carnivores, marsupials; blue) , and others (gray). Plants are colored according to growth form: herbs (orange), lianas (purple), palms (pink), shrubs (blue), and trees (green).
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Most of the interactions have been reported for birds (3883), followed by mammals (1315). The wooly spider monkey or muriqui, Brachyteles arachnoides, and the rufous-bellied thrush, Turdus rufiventris, are the animal species with the most diverse diets (137 and 121 plants species recorded, respectively) ( Figure 2 ). The Atlantic Forest is a biome where all classes of vertebrates have been reported eating fruits, even amphibians. Although several species of lizards 155 and fish have been reported to eat fruits in the Atlantic Forest, most of these studies do not identify the plant species and, therefore, these information sources were not included here.
The dataset includes trait information for most of the animal and plants species (Table 1) . Regarding those traits that are known to mediate frugivory interactions and their immediate consequences (Levey 1987; Dehling et al. 2016) , we report fruit-and seed-related traits for almost 160 half of the plant species (Table 1) and body mass and mean gape size for 98% and 58% of the animal species, respectively. The correlations between the numerical trait of animal and plant species that can be expected to limit a frugivory event through physical constraints were positive and significant but not very strong (seed diameter: body size r = 0.22, p < 0.01, gape size r = 0.13 p < 0.01; fruit diameter: body size r = 0.34, p < 0.01, gape size r = 0.23, p < 0.01). The most common fruit colors are black (32%) and red (16%), whereas other fruit colors 185 include blue and pink. Small birds are mostly associated with red fruits, bats with green fruits whilst primates and large birds eat fruits of any color (Figure 3 ). We identify that ungulates, rodents, carnivores and primates are the main consumers of fruits with large seeds (Figure 3 ). Fruits with small seeds are more likely to be consumed by more frugivores than fruits with large seeds (Figure 4) . Most of the fruits consumed by frugivores have 200 a low lipid concentration, but birds and rodents are associated with lipid-rich fruits (Figure 5a ). Frugivorous bats and rodents as well as large birds were the groups including the largest proportions of animal species with a high dependency on fruits, and they thus potentially perform a major role in seed dispersal (Figure 5b ). Objectives: Our objectives for compiling the data for this Data Paper were to (1) summarize information on pairwise interactions between plant and animal species for fruit consumption in the Atlantic Forest biome and provide basic information on species traits, and (2) identify major patterns in the reported interactions and identify knowledge gaps to guide future sampling efforts. Our dataset represents a first attempt to obtain a large-scale catalogue of ecological interactions 240 with application in macro-ecological studies of diversity patterns. The dataset can also be used as a reference baseline for studies of Atlantic Forest restoration, for the assessment of global change effects (e.g., forest fragmentation) and for future documentation of the interaction component of biodiversity over large spatial scales. Abstract: Same as above. 
B. Specific subproject description
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Site description: The Atlantic Forest is an important biodiversity hotspot (Galindo-Leal and Camara 2003) . It comprises tropical and subtropical forests with highly heterogeneous environmental conditions. It supports up to 8% of the world's total species richness and has one of the highest rates of endemism in the world (Morellato and Haddad 2000; Joly et al. 2014) . The Atlantic Forest supports at least 15,519 plant species (3343 trees) (BFG 2015) , 891 bird species (Moreira-Ambiente 2010) , and 298 mammals (Paglia et al. 2012 ). In addition, seed dispersal by vertebrates plays an important role in this biome, with 89% of all woody species depending on animals for their dispersal (Almeida-Neto et al. 2008) .
Seventy-two percent of the Brazilian population lives in former areas of the Atlantic For-265 est domain (~145 million people) (IBGE 2013). Therefore, many past and present economic activities such as logging, sugarcane and coffee farming, agribusiness, industrialization and unplanned urban expansion have contributed to the deterioration of the ecosystem (Dean 1996) . Currently, conservation of the Atlantic Forest is critical, with the natural remnants accounting for only 12% of the original biome and over 80% of these remnants occurring as < 50 ha fragments 270 (Ribeiro et al. 2009 for potential studies in the following sources: (i) online academic databases (e.g., ISI Web of Knowledge, Google Scholar, Scielo, Scopus, JStor), (ii) digital libraries of state and federal universities, (iii) references cited in "gray" literature, and (iv) email contacts with local experts. The terms used to search the online databases were "frugivorous", "seed dispersal", "diet", "frugivore networks", "focal observation" and "Atlantic Forest", which were combined in different ways us-280 ing Boolean operators. Searches were conducted in English, Portuguese and Spanish.
Research methods:
We included animal-oriented and plant-oriented studies that reported the occurrence of interactions (i.e., a particular animal species feeding on fruits of a particular plant species or analyses of the diet of a particular animal species). The records in which seed damage and/or seed predation was reported were carefully removed in order to maintain only fruit con-285 sumption events with potential for legitimate seed dispersal. However, some events that did not report detailed information can be found across a broad gradient covering the range from fully antagonistic interactions (e.g., pulp consumption with seeds being dropped to the ground) to mutualistic interactions (e.g., fruit/seed handling leading to legitimate seed dispersal). Overall, the records reflect instances of pairwise interactions between plants and animals in which successful 290 endozoochorous seed dispersal might be expected. We also included information from interaction network studies, which recorded an entire interaction network for a specific location. From these interactions, we recorded plant and animal taxonomy and compiled for each species the traits that can affect the interaction (i.e., size of fruit, gape size, fruit color, body mass). Trait data were extracted from the literature and our own meas-295 urements using herbarium and museum specimens. In addition, we recorded basic information from each study (author, title, year, journal, volume, publisher and the link or DOI to the document) and the geographical location when provided (latitude, longitude, locality, municipality and state).
1989; Silva et al. 1989; Brozek 1991; Motta-Jr 1991; Galetti 1992; Moraes 1992; Rodrigues et al. 1993; Chiarello 1994; Figueira et al. 1994; Galetti and Morellato 1994; Hasui 1994; de Figueiredo and Perin 1995; Masteguin and Figueiredo 1995; Ferrari et al. 1996; Galetti and Pizo 1996; Kindel 1996; Laps 1996; Pizo 1996; Zimmerman 1996; Galetti et al. 1997; Heiduck 1997; Correia 1997 ; Argel de Oliveira 1999; Sabino and Sazima 1999; Galetti et al. 2000; Lopes 2000 ;da Costa species. Plant traits: We focused on compiling information on those plant traits that are known to affect the success of frugivorous interactions and their potential outcomes for successful seed dispersal (fruit and seed length and diameter, plant geographical distribution, seed dispersal syndrome, fruit color, lipid concentration). We compiled this information from the literature (Martius et al. Lima 1984; Sleumer 1984; Hopkins 1986; Landrum 1986; Hekking 1988; Mori et al. 1990; Pennington 1990; Gentry 1992; Rohwer 1993; Delprete 1999 Animal traits. We compiled data on animal traits that are considered important for determining the effectiveness of frugivory, particularly mean gape size and body mass. We compiled this information from the literature (Gardner 1962; Davis 1976; Taddei and Reis 1980; Motta-Jr 1991; Hoyo et al. 1994; Argel de Oliveira 1999; Navas and Bó 2001; Dias et al. 2002; Velazco 350 2005; Zortéa and Tomaz 2006; Bonaccorso et al. 2007; Capusso 2007; Fonseca and Antunes 2007; Dias and Peracchi 2008; Fialho 2009; Marciente and Calouro 2009; Mottin 2011; Paglia et al. 2012; Reis et al. 2013; Louzada et al. 2015; Moratelli R 2015; Vilar et al. 2015) and our own measurements from specimens in museums (Museu de Zoologia de São Paulo-MZUSP and Museu Paraense Emilio Goeldi, Belém). Fruit dependency were obtained according to (Paglia et al. 355 2012) and expert knowledge. Statistical analysis. We provide some preliminary, descriptive statistical analyses for an overview of the data. We used Pearson correlations, with the logarithmic transformation of the numerical traits, among variables that can limit the ingestion of the fruit (seed diameter, fruit diameter, body size, gape size). To explore the type of fruit eaten by each group of animals we per-
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formed a factor analysis with mixed data using the function FAMD from the package FactoMineR (Lê et al. 2008) in R. We included fruit diameter, fruit length, seed diameter, seed length, fruit color and the lipid score as analysis variables. The continuous variables were transformed and scaled to unit variance, and the categorical variables were transformed into a disjunctive data table (crisp coding) and then scaled using the specific scaling of MCA. We used the 365 type of animal as a supplemental variable, with animal species classified into groups according to the taxonomic order level. For birds, we divided species into small (body mass < 80 g and gape size <12 mm) and large categories (body mass > 80 g and gape size >12 mm) according to . We also explored the relationship between seed size (logarithmic transformation) and the number of frugivore species interacting using non-parametric smoothing. Finally, to assess the completeness of the interaction data coverage, we performed an accumulation curve analysis of the number of interactions reported as a function of the number of studies included (Jordano 2016).
C. Data limitations and potential enhancements
We recognize that documenting all frugivory interactions in a megadiverse ecosystem is a challenging task and that the present dataset is likely to include only a subset of those interactions. Therefore, caution is needed when drawing conclusions from this dataset. Biased data can 380 lead to misidentification of ecological and evolutionary processes and the inefficient use of limited conservation resources (Hortal et al. 2015; .
The first limitation of our data is its representativeness. Our dataset is arguably biased toward trees and shrubs, whereas interactions with many herbs, epiphytes and lianas are likely to be underrepresented. The dataset has a somewhat better representation of mammals known to eat 385 fruits (e.g., primates) and birds. However, neither of these groups are comprehensively represented, as the data include 27.1% of the birds and 30.1% of the mammals reported for the Atlantic Forest (58% if we account only for the mammalian fruit-eaters) ( (Paglia et al. 2012; MoreiraLima 2014) ; Table 3 ). Some interactions are missing due to the lack of detailed studies including the taxonomic identification of the plant species eaten. For example, some species of fish, amphibians and reptilians with well-studied diets are reported to eat "vegetable matter" (e.g., Tropidurus, Mabuya,
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Brycon) but may in fact be eating and actually dispersing seeds (Valido and Olesen 2007; Correa et al. 2015) . However, as no taxonomic information is provided concerning the plant species, we did not report these interactions here. Two tortoise species that occur in the Atlantic Forest (Chelonoidis carbonaria and C. denticulatus) are known to be important seed dispersers (Strong and Fragoso 2006 ), but we did not find any frugivory information for the Atlantic Forest.
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Our dataset lacks information on secondary seed dispersers. For example, ants are well known to be important seed dispersers in the Atlantic Forest (Pizo and Oliveira 2000; Passos and Oliveira 2002; Christianini and Oliveira 2009; Bieber et al. 2013) , and other invertebrates may act as secondary seed dispersers as well (e.g., dung beetles; ). However, these interactions remain poorly studied and were not included in this dataset. Secondary dispersal by 410 small mammals, raptors and parrots has been occasionally reported (Galetti and Guimaraes Jr 2004; Sazima 2008; Tella et al. 2016) , but it information is poorly represented here. Only one invasive mammal species (wild boar, Sus scrofa) has been recorded eating fruits (F. Pedrosa et al., unpublished data) .
Among the birds, we found that Passeriformes compose the majority of the interactions.
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The only Trogon specie that is not represented in the dataset is Trogon collaris. Interestingly, we found some occasional interactions of species of the orders Accipitriformes, Columbiformes Cuculiformes, Falconiformes and Gruiformes, that are not supposed to eat fruits (Table 3) . For the mammals, our dataset is positively biased towards primates. Only one of the 24 primate species reported for the Atlantic Forest has no data (Callicebus personatus). Other orders 420 (e.g., Carnivora, Perissodactyla and Artiodactyla) are well represented, but the ruminants (Ruminantia suborder, Artiodactyla) have been less studied. It is important to mention that the carnivores are well represented in the dataset (Table 3) . Of the eight omnivorous carnivores that frequently feed on fruits, we have information for five species (Cerdocyon thous, Eira barbara, Lycalopex gymnocercus, Nasua nasua, Procyon cancrivorus) but no information for Potos flavus, Conepatus semistriatus, or Conepatus chinga. Notwithstanding, the dataset contains information on frugivorous interactions of carnivores that are not recognized as fruit-eaters (Leopardus tigrinus, Leopardus wiedii, Puma concolor) or secondary seed dispersers (Sarasola et al. 2016) . We also note that the role of Cingulata (Dasypus hybridus, Dasypus novemcinctus, Dasypus septemcinctus and Euphractus sexcinctus) as frugivores is completely missed in our dataset, alt-430 hough they have been recorded as sporadic fruit eaters elsewhere (Dalponte and Tavares-Filho 2004) .
We recorded 32% of all bat species reported for the Atlantic Forest as frugivorous, including some genera well known as insectivores (e.g., Noctilio, Trachops) ( Table 3) , showing that, in general, bats can eat fruits more often than expected. Therefore, more efforts should be made to 435 assess the compensatory role of bats when large frugivores are extirpated (Melo et al. 2007; Melo et al. 2009 ). The taxonomic bias in research imposes some limitations in the analysis of frugivory-related processes (Hortal et al. 2015) . For instance, the lack of information for some groups can seriously limit our understanding of compensation effects in the ecological process of animalmediated dispersal under the current disturbance scenarios in the Atlantic Forest (Bueno et al. 440 2013).
An additional important limitation is the number of interactions reported. Although the database characterizes the main diet of frugivores, it does not contain the entire spectrum of animal diets. Our dataset reports only 2.02% (5232) of all possible interactions that can occur based on 788 plants and 331 animals. A simple interaction-accumulation analysis (with the number of 445 studies used as a proxy for samples) shows that the dataset does not converge to an asymptotic value as would be needed to estimate of the actual number plant-frugivore interactions in the Atlantic Forest system (Figure 6) . Therefore, more studies are needed for a comprehensive representation of the interaction network. Here we considered each pairwise-interaction as a "species" and the different studies as sampling units. The mean expected value for 172 studies is 5151 distinct 455 pairwise interactions; however, as the curve does not reach an asymptote, many more interactions can be expected to be found by further studies. Black line shows the mean estimate and the green shadow shows the 95% confidence interval around the estimate.
Recognizing all the above-mentioned limitations allows us to suggest guidelines for future 460 research aimed to overcome these limitations. It is important to fill the gap in knowledge for several groups, such as bats, rodents, reptilians, fish, amphibians, cingulata and ruminants. While these groups are not strict frugivores, they may compensate for or complement the seed dispersal functions provided by large frugivores (Bueno et al. 2013) . It is also important to understand the role of non-woody plants in the diets of frugivorous animals, e.g., as lianas and epiphytes can 465 provide important fruit resources. In addition, more efforts are needed to obtain quantitative estimates of all plant-animal interactions in the complex Atlantic Forest ecosystem. These efforts need to be focused on the local scale in order to help us to understand the effectiveness of seed dispersal processes in more detail (Vidal et al. 2014) .
We hope that the compilation of the Atlantic database encourages researchers to explore of the role of frugivorous interactions that shapes the diversity of species-rich assemblages and ecosystem services. Research on the diversity and functionality of animal-plant interactions complements research focused at the species-level. It further enables the study of ecosystem processes, such as how the loss of key interactions influences food-web organization (Valiente-Banuet et al. 2015) . Therefore, more research should be conducted to examine the influence of fru-
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givory in shaping the resilience of diversity and ecosystem services in a changing world. It is time to incorporate biotic interactions in the bigger ecological picture to understand resilience to environmental changes (Araújo et al. 2011; Morales-Castilla et al. 2015) . Undoubtedly, there is a demand for forecasting the dynamics and functioning of novel ecosystems emerging from differential responses of species to global change (Montoya and Raffaelli 2010; Lessard et al. 2016 
